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I n  t h i s  note  we present a scenario f o r  an h = 1 rf system t o  acce le ra t e  
heavy ions i n  t h e  Booster. Relevant Booster parameters are 

271R = 201.75 m 
yT = 4.5 

and f o r  t h e  beam of gold, t h e  heaviest  of t h e  species considered, 

q = 33 ( p a r t i a l l y  s t r ipped  ions)  
A = 197 
N = 2 x l o9  ( t o t a l  number of p a r t i c l e s )  

and a l s o  

6 = 0.0478 at  i n j e c t i o n  
= 0.6684 at top energy 

Our considerat ions are based on two equations: 

i. The rate of acce lera t ion  
ii. The r a t i o  of t h e  r f  bucket area t o  t h e  beam bunch area. 

A s  w e  s a id ,  w e  s h a l l  assume h = 1 with one s i n g l e  bunch. 

1. The rate of acce le ra t ion  
The energy gain per  t u r n  per  nucleon is 

AE = e 2 v s in+s  

where V i s  t h e  peak vol tage  and 4 
wavef om. 

t h e  synchronous phase angle  of t h e  r f  
S 

The energy gain per u n i t  of t i m e  

v s i n +  S 
i = - = -  AE6 c 
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2. 

but 

and a l so  

E = Eoy with Eo = 0.9315 GeV/A 

k = E y38B 
0 

Combining ( 1 )  and (2) gives 

This is our f i r s t  important equation which relates t o  t h e  product y3Vsin$ S 

as a l l  t h e  o the r  q u a n t i t i e s  are assigned. For t h e  booster acce lera t ing  
1 9 7 ~ ~ 3  3+, 

= 2.6722010'~ y-3 VsinCpS 

with V i n  v o l t s  and i n  sec-l. 

( 3 )  

Also, a usefu l  equation whicAs relates t o  d,  t h e  var-at ion with t i m e  of 

t h e  bending f i e l d  is  

( 4 )  
1 
q 

i p  = 3.10715 - y 3  

where p is  t h e  bending radius  i n  meters and B is  measured i n  Tesla. 

t h a t  is non-re la t iv i s t ic  case,  6 constant implies a l s o  g constant.  

For B<<1, 

2. The r f  bucket area 

In general ,  

1 1 where a(+ ) i s  a tabula ted  func t ion  of Q, and i~ = 7 - - 
S S YT Y Z  



3. 

i. Capture 

9, = oo 
a = l  

V = 450 Volts 

which gives at  t h e  beginning 

= 0.1837 (eV*sec)/A ( 6 )  BO 

The ion  beam i s  in jec ted  with RF vol tage  on. It is  allowed t o  , $ r *  

f i l l  t h e  bucket completely. Therefore B i s  a l so  the bunch area. 
0 

ii. The vol tage  i s  r a i sed  ad iaba t i ca l ly  with no acce lera t ion  

( $ s =  0 )  t o  double i ts  o r i g i n a l  value,  t h a t  is up t o  900 vo l t s .  

The new bucket area i s  

= 0.2598 (eV*sec)/A 'a 

and t h e  bunch area i s  s t i l l  given by ( 6 ) .  

at t h i s  t i m e  a f i l l i n g  f a c t o r  of - 
The r a t i o  of B and B represents  

0 a 1 
42 

iii . Acceleration 

We propose t h a t  t h e  programs of V and 4 f o r  acce lera t ion  be 
S 

chosen so  as t o  preserve t h e  o r i g i n a l  f i l l i n g  f a c t o r  of 0.7 during t h e  e n t i r e  

cycle. This c r i t e r i o n  would minimize t h e  t o t a l  amount of r f  voltage. 

I n s e r t i n g  a l l  t h e  known values i n  (5) w e  then  der ive  t h e  second 

important equation. 

a 2 ( 9 s >  v Y 

T = 924.8 v o l t s  

Equations (3) and (7) are a l l  t h a t  are needed and they are q u i t e  

general. I f ,  f o r  example, t h e  dependence with t i m e  is assigned during t h e  

e n t i r e  acce le ra t ion  cycle ,  one then  der ives  6 and y ,  and t h e  two equations 

(3 and 7) can be solved t o  y i e ld  V and $ versus t i m e .  
S 



4. 

F ina l ly  t h e  program of t h e  bending f i e l d  can be obtained from (4).  

E xampl e s 

Consider t h e  f i r s t  s tage  0-50 msec where at t h e  end B = 3Binj = 0.1434. 
W e  can t ake  non- re l a t iv i s t i c  approximation and set y - 1. 

i. Constant i ( a l so  i) 

3Bin. Bin. 
i= = 1.912 sec-l 50 msec 

with t h i s ,  from (3)  and (7 )  and consul t ing t h e  t a b l e s  f o r  a ( 4  ) ,  w e  der ive  
S 

= 35", constant 4s 
V = 12.5 kV, constant 

Observe t h i s  program is  not real is t ic  because both 4s and V have a 

d iscont inui ty .  

0.9 kV t o  12.5 kV. 

The f i r s t  jumps i n s t a n t l y  from 0" t o  35" and t h e  l a t te r  from 

ii. Parabol ic  v a r i a t i o n  of $ with t i m e  - at 50 msec is twice t h e  value 

at t h e  same ins t an t  f o r  constant program. That is 

= 3.824 at t = 50 msec 

whereas 

one can der ive  from ( 3  and 7). 

= 0 sec-l at t h e  beginning. V and 4s are not constant but vary as 

t 0 msec 50 msec 

71.03 kHz 21 3 09 kHz r f  

+S 
0" 42" 

V 0.9 kV 21.4 kV 



5. 

iii. Exponential var ia t ion .  

w i t h  K = 21.972 sec-l, 

and 

= (1.0503 sec-' exp (Kt) 

The r e s u l t s  are summarized i n  t h e  t ab le :  

t 0 msec 50 msec 

B 1.0503 s-l 3.1508 s-l 
. 

30" 39 " 
+S 
V 7.89 kV 19.37 kV 

Here a l so  t h e r e  is  a d iscont inui ty  f o r  both (b and V which have t o  jump 
S 

from 0' t o  30" f o r  t h e  f i r s t  and from 0.9 kV t o  7.89 kV f o r  the latter.  

Probably the best  program i s  a combination of the parabol ic  ramp u n t i l  

reaches t h e  value f o r  t h e  l i n e a r  ramp, followed by a l i n e a r  ramp at = 1.912 

sec-l, then ending the cyc le  w i t h  a parabol ic  ramp back t o  = 0. 

General Procedure 

This is  t o  include both equations ( 3  and 7 )  i n t o  a computer program w i t h  

t h e  goal of optimizing t h e  best  choice of V and 9 
that  the r f  engineering experts  can develop (power, f l u x ,  losses...).  

according t o  some c r i t e r i o n  
S 


